Age-associated changes in function, structure and mitochondrial genetic and enzymatic abnormalities in the Fischer 344 x Brown Norway F(1) hybrid rat heart.
We hypothesized that cardiac aging in the rat involves mitochondrial genetic damage and mitochondrial enzymatic dysfunction of individual cardiomyocytes as has been demonstrated previously only in primate myocardium. Myocardium from Fischer 344 x Brown Norway F(1)hybrid rats of ages 5, 18 and 36-38 months was examined for mitochondrial genetic and enzymatic abnormalities. In-vivo hemodynamic measurements revealed age-related changes of left ventricular function while histological evaluation demonstrated an increase in percent area fibrosis from 7%+/-5 in the 5-month-old hearts to 38%+/-2 in the subendocardium of the left ventricle of 38-month-old rats. Mitochondrial genomes lacking 8000 to 9000 bp of primary sequence were detected in tissue homogenates from right and left ventricular myocardium and the abundance of these deleted genomes increased with age. In-situ histochemical staining of serial cryomicrotome sections of myocardial tissue revealed individual cardiomyocytes displaying abnormal, primarily absent, activities of cytochrome c oxidase and succinate dehydrogenase. The area density of histochemically-abnormal cardiomyocytes increased from 0.05 per mm(2)to 0.3 per mm(2)between 5 and 36-38 months of age in the left ventricle, and they were localized primarily to the left ventricular subendocardium. The presence of age-related mitochondrial genetic and enzymatic abnormalities in the Fischer 344 x Brown Norway F(1)hybrid rat heart suggests the role of mitochondrial dysfunction, secondary to mtDNA mutations, in age-related cardiomyocyte loss and subsequent cardiac aging.